Telephone calls are the predominant telecommunication mode in Sri Lanka. Leveraging voice-based applications for disaster communication would be acceptable and sustainable. The findings in this paper are from an experiment concerning interactive voice for connecting community-based emergency field operatives with their central coordination hub. Challenge was in interchanging the Freedom Fone (FF) Interactive Voice Response (IVR) generated, Sinhala and Tamil language, speech data with the text-based 'Sahana' disaster management system for analysis and decision support. Emergency Data Exchange Language (EDXL) interoperable content standard was adopted for mediation. Low quality voice data resulting in incomplete information was a barrier to automating transformations between text and speech. Replacing those processes with human procedure significantly degrades the reliability. Moreover, human interaction with decoupled software systems, to accomplish the sequence of tasks, points to instabilities. This paper discusses the complexities and usability shortcomings discovered through controlled-exercises in Sri Lanka.
INTRODUCTION
The January 2011 Floods in the Eastern Province of Sri Lanka accounted for one million Internally Displaced Persons (IDPs). This number is equivalent to 2004 Indian Ocean Tsunami IDPs in Sri Lanka. Disasters: floods, cyclones, epidemics, and landslides are a common trend for the tropical island. The most recent flood event, in May of 2011, killed four people, damaged thirty houses and inundated another 227 houses in Ratnapura Districts (SDCM, 2011) . Prior warnings with proper emergency coordination could have saved those lives. Managing hazard events is an immense challenge for the Government and other rescue and relief organizations in Sri Lanka.
Lanka Jathika Sarvodaya Shramadana Sangamaya (Sarvodaya) is Sri Lanka's largest community focused humanitarian organization embedded in 15,000 of the 30,000 villages. Sarvodaya head office is situated approximately 20 km south of the capitol city: Colombo. Their provincial, district, divisional, and village administrative structure is similar to the Government structure. In addition, to community development, Sarvodaya responds to all national and local disasters with food, shelter, and health related humanitarian services. The community members assist local authorities with rescue operations during the time of need. Wilfred and Waidyanatha (2011) realized through a survey that telephone calls were Sarvodaya's main emergency information exchange mode. These communications are typically between the Sarvodaya village District, Proceedings of the 9 th International ISCRAM Conference -Vancouver, Canada, April 2012 L. Rothkrantz, J. Ristvej and Z. Franco, eds . 1 Divisional, and Village Emergency Response Team (CERT) members and the Hazard Information Hub (HIH) situated at Sarvodaya's head office.
Volunteers at Sarvodaya's HIH, referred to as HIH Operators (HIHO), would monitor hazard information through various websites and subscriptions (e.g., email bulletins or SMS alerts) for 'events of interest' that might be cause for concern (e.g., a cyclone originating in the Bay of Bengal). From here, relevant information bulletins would be relayed to selected individuals, typically Sarvodaya village leaders, in the communities. These individuals -referred to as CERT members -are responsible for activating local community emergency response plans (e.g. disseminating a local warning, producing incident reports, or engaging in relief activities).
An analysis on the use of Asians' technology choice, conducted by Zainudeen and Ratnadiwakara (2010) , conclude that simple telephone calls, by a large margin, precede all other beyond voice based applications. They also discussed that increasing mobile phone proliferation has enabled over 90% of the households to have easy access to a telephone in Sri Lanka because the eight operational mobile and fixed telecommunications operators cover more than 95% of the terrain. Sustainable general purpose technologies, especially mobile phones, can serve a dual role in supporting everyday activities in addition to emergency communications (Gow and Waidyanatha, 2011) . Simple telephone calls remove literacy and language barriers. FF being one such interactive voice-based solution, presents itself as a tool that can be leveraged for emergency communication (Pant, 2011; Otieno, 2011) .
Voice calls are, universally, easy for patrons. Voice opposed to text is an important element for enabling field level operatives to communicate disaster incident information. It is equally important that the emergency information is presented to central crisis managers in categorical data formats for rapid analyses and decision support. A challenge faced by the research team was developing the software interfaces and operating procedures for data interchange between the voice and text information management systems. Perera et al (2011) show that voice data received over the telecommunication networks are degraded by more than 13%. The noisy data cannot be subject to any kind of Speech-To-Text transformation. Laboratory research carried out by Weerasinghe et al (2007) and Bandara et al (2010) points to Sinhala Text-to-Speech software to perform only with a 71% accuracy. Given these shortcomings, it is impossible to apply any kind of automation software to transform the information between FF voice and Sahana text systems. Therefore, human intermediation is necessary.
Feasibility study to enable FF emergency data exchange (FF4EDXL) developed and implemented software tools and field tested them with Sarvodaya emergency coordinators. FF4EDXL action research was made possible through a grant from The Kubatana Trust of Zimbabwe.
TECHNOLOGIES
FF4EDXL research made use of three key, free and open source, software tools: Sahana, FF, and Audacity. These three software are good choices that can be married to extend voice-enabled disaster management information services. For the sake of the pilot, the three software worked independently, decoupled, with human operators transferring data and files between them. Determining the strategies to couple them into a single cohesive application was a key element of the feasibility study.
Sahana is a collection of disaster management modules that work as a platform for integrating multi-organization response efforts in providing critical information and communication needs of the responders. FF is a tool that has been used for enabling interactive voice-based solutions, such as in public health (Otieno , 2011) . The audio file editing software: Audacity was utilized for generating the MP3 files for the FF interactive voice menus. The two way FF system, uses FreeSWITCH and openGSM to connect with compatible GSM devices: 'Mobigater' and '2N UMTS OfficeRoute' respectively. The end-users only need a fixed or mobile phone to communicate with the system. To interact with FF requires no Internet access and computer skills. This user friendly information system consists of interactive voice menus, voice messages, SMS and polls.
Alerting with SABRO
The original SABRO design, described by Careem et. al. (2010) , was enhanced by this project to issue EDXL Common Alerting Protocol (EDXL-CAP) voice-text alerts. EDXL-CAP adopts a Document Type Definition (DTD) XML data structure that consist of a main element Alert and sub elements Info, Area, and Resources. These elements are illustrated in Figure 1 .
To produce a CAP voice message MP3 for FF with meaningful complete sentences, SABRO used a XML Style Sheet Transformation (XSLT) to generate a voice-text paragraph ( Figure 1 ). The XSLT specifically uses the headline, areaDesc (short for area-description), category, event, msgType (short for message type), scope, restriction, description, instructions, effective, onset, expire, urgency, severity, certainty, and contact CAP elements. This list can be useful as a basis for future implementors. The human readable text was converted to an audio file, with the HIHO recording the message using Audacity, then uploaded it to FF for the CERT members to access.
Reporting with Eden-SitRep
The Eden-SitRep module, developed by the project, used the EDXL Situational Reporting (EDXL-SITREP) content standard. Its specification contains pre defined message elements that would provide a set of standard formats for XMLbased emergency response messages (OASIS, 2010). As shown in Researchers identified nine information elements that were necessary and sufficient for recording a meaningful initial incident report. Figure 2 show the elements are: Prepared-by, Authorized-by, Report-Purpose, Reporting-Location, Observation-Location, Incident-Onset, Observation-Text, Action-Plan, and Immediate-Needs. Other implementers may find this list to be useful but may alter it to accommodate their requirements. Following the controlled-exercises, the researchers realized that the CERT members could combine the Observation-Text, Action-Plan, and Immediate-Needs details in to a single element, which otherwise the information in those three SITREP elements were found to be repetitive.
RESEARCH DESIGN
The FF4EDXL project selected four districts: Colombo (CO), Matara (MH), Nuwara-eliya (NW), and Ratnapura (RN). Colombo (the country's capitol in the west) and Matara (in the south) are two urbanized coastal cities. Nuwara-eliya and Ratnapura are relatively smaller towns in the heart of the tea cultivation lands. Nuwara-eliya is the highest elevated town in Sri Lanka. Matara, Ratnapura, and Nuwara-eliya are less than 180Km from Colombo. The administrative districts, these cities and towns belong to, are named after them as Colombo, Matara, Nuwara-eliya, and Ratnapura Districts. The four districts had experienced and responded to major disaster such as the 2004 tsunami, 2009/2011 floods, and 2010 landslides. Between 11 -15 Sarvodaya CERT members from each district participated in the evaluation process.
The test design Figure 3 shows the work flow defined for the purpose of field testing FF4EDXL software and procedures. The process described in this section is specific to the HIHO operating procedures and related to the context of the results and discussion in this paper.
The HIHO on duty (termed as the HIH-Monitor) would, first, get hazard information in the form of an email with particulars of a hazard event, such as a landslide damaging houses in village X and injuring Y number of people. Then the HIH-Monitor would alert CERT and other-HIHO members to respond to that event. The alert message, created with SABRO, was disseminated via SMS and the FF IVR. The message available through the IVR carried all information describing the nature of the event, location, times, affected people, so on and so forth; while the SMS simply said "urgent priority landslide event was reported at time T in village X. Activate your response plans!" The CERT members, after listening to the alert message, acknowledged with a SMS text: "ack yes".
The CERT members, assuming they had arrived to the event location, discussed the typical immediate required actions and agreed on two of them. Those two observations, for example 1) specifics of temporary shelter requirements and 2) specifics of medical needs, were reported to the HIH through a telephone call. The HIH receive Field-Observations, typically in Sinhala or Tamil, were translate to English by the HIHO. Then entered the categorical information in Eden-SitRep with complete Situation-Info. Subsequently, incident managers, at the HIH, would derive Response-Resource reports, once again, using Eden-SitRep.
An Observer, disassociate with the project, was provided assessment guidelines to evaluate the HIHO procedures. The Observer reported details on the operational complexities, execution times, and any other noteworthy information. Simultaneously, Cam Studio was recording the computer screen of HIHO interactions the software. These two evaluations and the audio recordings as well as the categorical data in the software were the key resources for evaluating the project. The pilot applied a three step holistic approach, recommended by Ambaye (2003) : orientation, exploration-evaluation, and exploitation. Orientation phase observed Sarvodaya emergency coordinators' differed impressions by understanding their concerns, initial questions, and opinions. The exploration-evaluation activities, namely the controlled-exercises, followed a format similar to a table-top-exercise. This opportunity helped the user determine the intrinsic benefits and change requirements relative to their previous experiences and practices. During the exploitation phase, the users qualified system elements to be entrained and also analyze further system usage beyond disaster management.
The controlled-exercise activities constituted three parts: discussion of the operating procedures, actual execution of those procedures, and evaluating the outcomes. These activities were designed as verification exercises to determine the complexity (interaction techniques, operational efficiency and data quality), usability (human action cycle, gulf of evaluation/execution), and utility (perceived ease of use, usefulness, attitude towards using) of the technologies and procedures.
The complexities of the implemented FF and Sahana combined system was twofold: 1) CERT uncertainties interacting with FF to receive and supply information and 2) the HIHO reliabilities in issuing alerts and managing the received situational reports. The reliability factor takes in to consideration the timeliness and precision of exchanging information that were based on Mean Time To Completion (MTTC) and information completeness, respectively. This paper does not discuss the FF4EDXL data quality but encourages the reader to refer to the results discussed by Perera et al (2011) and Waidyanatha et al (2012) .
Interaction Techniques Appert et al (2004) introduced the length of the sequence, validation actions, and the time taken to attain the desired state as key measures in determining Complexity of the Interaction Sequence (CIS). Interaction technique was applied to software and procedures associated with CERT members only. It was more appropriate to apply the human action cycle evaluation scheme for the HIHO. The data presented is subjective to the observer evaluating each of the CERT member's interactions with FF through their mobile phone. The observers recorded their perceived complexity, the number of attempts made by CERT, and the duration of completing the action.
Efficiency
The motivation for the MTTC computation is from the technique derived by Strikwerda and Mansharamani (1993) . Essentially, the research objective was to calculate the mean service time for the alerting and situational reporting actions . The Cam Studio captured video provided the time stamps for the HIHO executed task durations. Three evaluators examined the video to give their individual opinion of the task times. Thereafter, the average time for the individual tasks were calculated. Those average times were taken as the value to determine the MTTC.
Human Action Cycle
Human action cycle, used to analyze efficiency of a user interfaces, was proposed by Norman (2002) . The controlledexercise participants underwent successive iterations of the activities: 1) forming the goal, 2) forming the intention, 3) specifying an action, 4) executing the action, 5) perceiving the state of the world, 6) interpreting the state of the world, and 7) evaluating the outcome. With respect to the three step holistic approach, activities 1) -3) were formulated during the discussion of the operating procedures, activities 4) -6) were formulated during the actual execution of those procedures, and activity 7) was formulated during the outcome evaluation stages of the controlled-exercise.
Gulf of Execution/Evaluation
The gulf of execution refers to the difference between a user's intentions and the actions that are allowed or permitted by the system. The evaluators would compare the goals, intentions, and specified actions with that of the system's ability to provide those. The gulf of evaluation refers to the difference between a person's understanding of the state of the system and the actual state of the system (Kitajima and Polson, 1995) .
RESULTS

CERT Alerting/Reporting Complexity, Attempts, and Duration
The complexity index: 1=Extremely Difficult, 2=Difficult, 3=Moderate, 4=Easy, 5=Extremely Easy, corresponds to Table 1 and Table 2 "User percentage (%) in complexity category". The "User percentage (%) that made number of attempts", in Table 1 and Table 2 , is the percent of users attempting the task 1, 2, 3, or more than 3 times. Duration, in minutes and seconds (mm:ss), is the time take to complete the action. Table 4 shows the corresponding time durations, in minutes and seconds (mm:ss) for each of the tasks (1) - (12) . The MTTC, in Table 3 , is derived from Table 3 : Expected time to complete the processes in relation to the tasks in Figure 4 and Table 4 Proceedings of the 9 th International ISCRAM Conference -Vancouver, Canada, April 2012 L. Rothkrantz, J. Ristvej and Z. Franco, eds. 6 
District code
User % in complexity category
Figure 4: HIHO MTTC (minutes) of the twelve tasks associated with alerting and reporting
HIHO Human Action Cycle
The HIHO use of the software during the exercise were recorded using the Cam Studio screen capture software. This was carried out for the Colombo and Matara controlled-exercises. The logarithmic regression lines in Figure 5 and Figure 6 show the expected smooth transition between the sequence of tasks that are associated with SABRO, FF, Audacity, and Eden-SitRep software. The tasks in Figure 5 and 6 correspond to the tasks in Figure 4 and the time durations in Table 4 .
There are noticeable inconstancies of the HIHO deviating from the expected sequence. For example, Figure 5 shows the user starting a procedure at step 3 (or step 7), then terminating it and revisiting it as well as jumping to step 5 from step 3 then realizing that step 4 should have been executed. Similarly, Figure 5 shows the user violating the sequence by jumping to step 7 from 3 and to step 8 from 4.
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DISCUSSION
Despite several technical difficulties in operationalizing FF, SABRO Audacity, and Eden-SitRep, the solution proved to be useful and acceptable. However, FF4EDXL lessons to date insinuate that integrating FF and Sahana is not easy and not self intuitive. Some difficulties were related to Python and PHP refusing coexistence (e.g. Web2Py and PHP/Apache). Others were clashes with software services (e.g. cronjobs) that the project had to manually control for the sake of the exercises. Sharing of resources, such as the 2N UMTS modem, with the multiple applications was cumbersome. Given that this study aimed to realize the design requirements for an integrated voice-enabled alerting and reporting system, the lessons learned will be considered for future developments.
CERT Interactions with FF
Observations reveal that it was easy or extremely easy for 68.93% of the CERT member to receive alerts through the FF system (Table 1 ) but only 43.57% (Table 2 ), in the same two categories, found it easy with the reporting action. This is because the reporting function required additional steps in recording and saving the message opposed to simply listening to a message. The remaining CERT members, who found the action of receiving alerts or submitting a report to be between moderately difficult and extremely difficult, were either impatient in listening to the FF voiced instructions or had not understood the instructions. With frequent use, it can be anticipated that those in the moderate complexity category would step up, increasing the competency levels to 90% (Table 1 ) and 92.5% (Table2), with alerting and reporting, respectively.
Besides the training exercises conducted with the CERT members, the controlled-exercise were their first unassisted experience interacting with the FF system. Table 1 and Table2 show 42.16% and 43.21% of the CERT members, respectively, made two or more attempts in completing the actions. Therefore, instructions and implementation to navigate through the menu structure should be better planned. The reasons are discussed in the gulf of evaluation section below.
HIHO Human Action Cycle
The exercises in relation to the Colombo District ( Figure 5 ) took longer, for the HIHO, to complete than the one in Matara District ( Figure 6 ). The main reason was the computer they were using for the Colombo District exercises were not properly configured and tested prior to the exercises; i.e. "the technology failed on the day of the exercise". Although the Matara District exercise, at the HIH, was efficient, Figure 6 shows that the HIHO were inconsistent with following the expected task execution sequence. Thus, they were jumping to task (8): 'issue SMS alert' before completing the prerequisites. They delayed in executing task (4), instead executed tasks (7) , (8) , (5) , (8) , in that order, immediately after task (3) .
During all exercises the HIHO were constantly referring to the quick reference guide to determine the next steps. Such steps should be streamlined with software controls. Default values and naming conventions were another cause to constantly refer to the guide. Help content should be provided in the software with quick reference pop-ups or suggested values.
Implementing the FF4EDXL ICT system would require complete integration of FF and Sahana as a single software with built-in audio recording capabilities. Thereby, interactions are with a single software application and not three decoupled software systems. Tasks (4) upload new voice alert to FF, (6) upload new menu select MP3 to FF, and (7) add MP3 to CAP 'resource' in SABRO can be reduced to a click of a button. Table 3 shows that Sahana expert system related procedures were, relatively, the most time consuming. Domain specific data entry, for unskilled non English speakers, is much harder than recording a simple localized voice message and organizing them in FF. Moreover, Sarvodaya CERT and HIHO are predominantly volunteers (i.e. not skilled disaster management experts). Hence, emergency information exchange between them would follow a crowd sourcing paradigm. However, completing emergency information that adhere to content standards is not self-intuitive for such volunteers.
Gulf of Execution -HIHO interaction behavior
HIHO deviating from the expected tasks execution sequence was a result of using several software applications. Had they Proceedings of the 9 th International ISCRAM Conference -Vancouver, Canada, April 2012 L. Rothkrantz, J. Ristvej and Z. Franco, eds. been integrated in to a single application, then software controls would have better streamlined those actions.
The HIHO and other software services in FF were found to permanently delete records from the database. This is a bad practice since there is accountability associated with disaster information. For example, if someone asks how did a particular record get created in Eden-SitRep, the system should be able to trace that to the FF recorded Field-Observation report. Records should never be purged from the database. Instead they should be deactivated, thereby, giving the option to reactivate or restore them in the event of a mishap.
Gulf of Evaluation -CERT multiple attempts
Users who claimed difficulty interacting with the FF system and made several attempts had not been exposed to IVR systems prior to this project. Their usual experience with a mobile phone was dialing a number to make a phone call or typing an occasional SMS.
Unlike computer or mobile applications that display the transition state on the screen, IVRs do not provide a visual of the transition states. Therefore, determining the application's transition history was not intuitive. Moreover, the CERT members had forgotten how to reverse their actions to traverse back to the previous menu. Instead, they terminated the call to make another one.
There were frustrations caused by cheap unbranded mobile phones not interacting well with FF. The keypad entries, to navigate through the menu, were not recognized by the system. This is because there is a direct relationship between the quality of the audio prompt and the success of the Dual Tone Multi Frequency (DTMF) input. As a result, ignorant of the technical fault, they kept repeating the call. It is also known for telecommunications providers to block forwarding of DTMF tones from callers' subscriber identifier module cards to the session initiation protocol lines, which is necessary for the callers to activate IVR functions with their phone key pad.
To commit a Field-Observation report voice recording, the CERT had to press the # key on the phone keypad. This action was mentioned during the instructions but they had forgotten this by the time they finished recording the Field-Observation report and were terminating the call. Therefore, the report was not committed to FF and had to repeat the process.
Policy implications
Sarvodaya has recognized the potential of the introduced system for their disaster management needs. Especially, since it removes the language and literacy barrier of accessing by people from rural areas with different geographical locations and different economic levels. A training and certification program for the HIH users can improve their Sahana skills. CERT members' use of FF can be improved with some training but, most importantly, with frequent use. To that end, Sarvodaya has identified other FF applications for their daily use. Thereby, it is always operational and ready to use in a disaster.
CONCLUSION
An automated voice-enabled alerting and reporting system will provide important inputs for any disaster management activities of relevant organizations. Moreover, disaster communication would be much more efficient and error free compare to extensive human controlled procedures. Ubiquitous technology adaptation for disaster management, opposed to specialized technologies, are more likely to sustain. The research was conducted in Sri Lanka but the arguments, to a certain extent, can be related to most developing countries. The paper highlights an important fact around the use of multiple independent (or decoupled) software within an incident management system resulting in efficiency loses and unstable human behaviors. The complexities must be removed and human intervention should be minimized to decision-making and simple initiation of processes, while software handles the monotonous operations. The integration should optimize the need for high skilled costly systems administrators. To that end, further research and development is required before of a wider scale implementation. The Sahana and Freedom Fone development communities are interested in pursuing towards a full scale integration taking in to consideration the shortcomings discussed as ways to make the improvements.
